The Rab family of small GTP-binding proteins has long been implicated in the docking and fusion of transport vesicles with their target membranes. Recent evidence, however, suggests that some Rabs may play an additional role in transport vesicle formation.
How Rab proteins promote membrane docking/fusion is not known, though given the selective distribution of individual Rab and Ypt proteins in different subcellular compartments [1] , it is likely that they contribute to the specificity of membrane transport. This contribution is not decisive, however; yeast cells lacking either YPT1 or SEC4, but expressing a chimeric Ypt1/Sec4 protein containing the membrane localisation domain of one and the effector domain of the other, can survive, albeit with temperature-sensitive growth characteristics [1] .
Recent evidence from genetic and biochemical studies [2, 3] suggests that Rabs may regulate the flux of membrane fusion pathways by activating appropriate 'soluble NSF attachment protein receptors' (SNAREs). SNAREs at present appear to be the most likely primary determinants of the specificity of membrane transport, as the distribution of individual SNAREs is limited to particular cellular compartments and this distribution is matched by the biochemical specificity of SNARE-SNARE interactions. Complexes between SNAREs from opposing membranes are therefore proposed to form the basis of vesicle-target membrane docking [4] .
Rab5 promotes membrane fusion between early compartments of the endocytic pathway, and several of the principal effectors and regulators of Rab5 have been identified. The GTPase cycle of Rab5 is coupled to membrane association, such that Rab5-GTP is membrane-bound and Rab5-GDP is cytosolic. The cytosolic pool of Rab5, like those of other Rab proteins [5] , is complexed to Rab guanine nucleotide dissociation inhibitor (Rab-GDI). Rab-GDI maintains the solubility of Rab5 and is required for efficient targeting of Rab5 to the endosome, after which nucleotide exchange occurs [6] . Rab-GDI most likely acts, therefore, to provide a readily-available pool of Rab5, thereby ensuring that the rate of membrane fusion can be modulated rapidly.
Consistent with the actions of many other GTP-binding proteins, it is the GTP-bound form of Rab5 that is active. GTP hydrolysis is not required for, and indeed occurs independently of, fusion [7] . Rab5 can be thought of as a timed switch, the on-time of which is determined by the kinetics of its GTPase cycle. The flux of the membrane docking/fusion pathway is related to the proportion of Rab5 that is active, and thus able to recruit effector molecules. One such effector that is recruited to the endosome by Rab5-GTP is Rabaptin-5, a soluble protein that is essential for endosome fusion. In an additional twist, Rabaptin-5 itself reduces the intrinsic rate of Rab5-dependent GTP hydrolysis [7] . Moreover, cytosolic Rabaptin-5 is found complexed to Rabex-5, a protein with nucleotide exchange activity towards membrane-bound Rab5 [6] . Thus, activation of Rab5 by nucleotide exchange could be coupled directly to effector recruitment and stabilisation of Rab5-GTP, ensuring that localised activation of membrane-bound Rab5 is maintained.
Given the widespread acceptance that Rab proteins are required for transport vesicle consumption, the recent finding of Smythe and co-workers [8] that clathrin-coated vesicle formation at the cell surface is dependent on Rab5 function is surprising. Using a cell-free system which reproduces several steps in the receptor sequestration pathway, from the recruitment of new coated pits to the formation of released coated vesicles, McLauchlan et al. [8] purified 2,000-fold a cytosolic factor essential for clathrin adaptor-enhanced sequestration of receptor molecules. Sequence analysis of the active fraction together with additional experiments demonstrated that the factor was a complex of Rab5 and Rab-GDI.
Subsequent experiments demonstrated that Rab-GDIdependent recruitment of Rab5 occurred at an early point during vesicle formation. Rab5 appears to act at a more distal point in the pathway, however, as the formation of deeply invaginated pits and vesicles from a range of starting intermediates were all inhibited by an excess of Rab-GDI. (Although Rab-GDI is necessary for Rab function, addition of excess Rab-GDI inhibits endosome fusion, and other transport events [5] ; this is presumably caused by a mass-action effect that increases the concentration of soluble Rab-GDP relative to that of membrane-bound Rab-GTP.)
Identification on the basis of purification of an unknown factor, using a well-characterised cell-free assay that faithfully reproduces the involvement of other factors in coated vesicle formation, presents a particularly convincing case for the involvement of Rab5. Moreover, the finding is entirely consistent with the observation of Bucci et al. [9] that overexpression of Rab5 increases the rate of transferrin uptake from the cell surface, in addition to affecting endosome membrane dynamics.
The work of McLauchlan et al. [8] is in fact the latest in a series of studies that have implicated Rabs in vesicle formation. Biochemical dissection of ER-Golgi transport in mammalian cell extracts has shown that Rab1, in addition to an involvement in vesicle targeting, is also required for formation of functional transport vesicles from the ER [10] . Immunodepletion of Rab1, or addition of excess Rab-GDI, inhibits vesicle formation judged by kinetic and morphological analysis of transport reactions. Examination of the formation of trans-Golgi network (TGN)-derived transport vesicles further supports a role for Rab proteins in vesicle formation, though the nature of the Rab has not been defined. Firstly, formation of rhodopsin-containing vesicles from Golgi membrane fractions obtained from retinal cells is reduced by the presence of Rab-GDI [11] . Secondly, the TGN-associated protein TGN38 acts as a receptor for a novel phosphatidylinositol 3-kinase (PI 3-kinase), and the complex is required for formation of constitutive transport vesicles [12] . A small GTP-binding protein is also associated with the complex, though its nature is not clear; previous studies have identified it as Rab6 [13] , but this finding has not been confirmed [12] .
A link between Rab proteins and PI 3-kinase activity in vesicle formation may be particularly pertinent to any discussion of Rab involvement in vesicle formation, as there is evidence that a PI 3-kinase is a downstream effector of Rab5-GTP during endosome fusion [14] . Studies of Rab9 function also point to a role in vesicle formation. Transfection of cells with a dominant-negative Rab9 mutant impaired endosome-TGN transport [15] . This did not cause a build-up of endosome-derived vesicles at the TGN, as would be expected if Rab9 were required only for vesicle docking/fusion. Rather, a receptor normally transported from the endosome to the TGN was mis-sorted to the cell surface, consistent with an inability to package it into endosome-derived TGN transport vesicles.
Genetic studies also provide evidence that at least some Rab proteins play a part in vesicle formation. Ypt31 and Ypt32 are isoforms of a protein essential for a post-Golgi transport step [16, 17] . Although characterisation of the primary phenotype after inactivation of YPT31/32 is complicated by secondary effects, careful examination during the time-course of gene disruption experiments indicated that the first observable consequence of defective Ypt31/32 function is the generation of an exaggerated Golgi complex [16, 17] . This is consistent with a defect in the formation of Golgi-derived transport vesicles, though this may not be a direct effect. Similarly, mutation of the Caenorhabditis elegans rab3 gene leads to a reduction in the concentration of synaptic vesicles at the active zone and, consequently, a mild defect in synaptic transmission [18] . But while this phenotype is consistent with the reduced formation of synaptic vesicles at appropriate regions of the plasma membrane, it might also arise from impairment of other aspects of the synaptic vesicle cycle.
The fact that at least some Rabs may have a role in vesicle formation, as well as in docking and fusion, invites the question of whether other proteins implicated in membrane fusion might also function in budding reactions. The evidence for this is sketchy, though NSF ('N-ethylmaleimide-sensitive fusion protein') and α-SNAP ('soluble NSF attachment protein') -soluble cofactors which disassemble SNARE complexes [4] -have been implicated in production of Golgi-derived transport vesicles [19] . The NSF-related protein VCP/p97 may also play a role in generation of transport vesicles derived from the ER [20] .
There is, however, significant evidence that one protein, synaptotagmin, has a dual role in both the fusion and formation of vesicles. The precise function of synaptotagmin is still controversial, but most evidence points to it having a role as a calcium sensor in membrane fusion at the synapse [21] . Synaptotagmin forms a complex with SNAREs [22] , which fits with it having a role in fusion. In addition, however, it acts as a high affinity receptor for the clathrin APII adaptor and thus may participate in the recycling of synaptic vesicle membrane after calcium-mediated exocytosis [23] . Consistent with this view, C. elegans synaptotagmin mutants contain nerve terminals that are significantly depleted of synaptic vesicles [24] . Moreover, injection of anti-synaptotagmin antibodies into giant squid axons substantially impairs synaptic vesicle recycling [25] . As synaptotagmin isoforms are ubiquitously expressed, and all bind APII adaptors [21] , it is possible that they fulfill a general function in clathrin-mediated endocytosis in non-neuronal cells.
The involvement of common component(s) in vesicle formation and consumption may provide a means of ensuring a close coupling between the two processes. This would be particularly important at the synapse, where rapid exocytosis must be followed by a compensating retrieval of membrane in order to prevent the supply of synaptic vesicles being exhausted. But it may be of more widespread importance for maintaining membrane organisation, particularly during high levels of membrane flux. Such a functional link should not necessarily imply that the mechanisms of membrane fission and fusion are very similar, though it does suggest that cytosolic components play a greater role in membrane fission than could be accounted for by a simple model of 'periplasmic' fusion [26] .
The extent to which the mechanism of vesicle formation and fusion are conserved may be revealed by comparing the actions of the ever-increasing array of Rab effector proteins on these two processes. For example, although Rab5 acts in its GTP-bound form during vesicle production [8] , as it does during endosome fusion, it may recruit an entirely different complement of effector molecules at the two sites. In summary, although the balance of evidence would suggest that the mechanisms underlying vesicle formation and fusion are very different, recent studies into Rab function should encourage us to keep an open mind.
